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Di-jet and inclusive charged hadron production cross-sections measured in 77 collisions by OPAL are compared 
to NLO pQCD calculations. Jet shapes measured in 77 scattering by OPAL, in deep-inelastic ep scattering by HI 
and in 7p scattering by ZEUS are shown to be consistent in similar kinematic ranges. New results from TOPAZ 
on prompt photon production in 77 interactions are presented. 
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1. Leading Order parton processes 

The interaction of quasi-real photons (Q s=s 0) 
studied at LEP and the interaction of a quasi-real 
photon with a proton studied at HERA (photo- 
production) are very similar processes. In leading 
order (LO) different event classes can be defined 
in 77 and 7p interactions. The photons can ei- 
ther interact as 'bare' photons ("direct") or as 
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Figure 1. The inclusive e + e di-jet cross-section 
for jets with |?7 jct | < 2. 



as a function of E^ 



hadronic fluctuations ("resolved"). Direct and 
resolved interactions can be separated by mea- 
suring the fraction x 1 of the photon's momentum 
participating in the hard interaction for the two 
photons. In 77 interactions they are labelled x^ 
for the two photons. 

Ideally, the direct 77 events with two bare pho- 
tons are expected to have x+ = 1 and x~ = 1, 
whereas for double-resolved events both values x+ 
and x~ are expected to be much smaller than 
one. In photoproduction, the interaction of a bare 
photon with the proton is labelled 'direct' (cor- 
responding to 'single-resolved' in 77) and the in- 
teraction of a hadronic photon is called 'resolved' 
(corresponding to 'double-resolved' in 77). 



2. Di-jet production 

Studying jets gives access to the parton dy- 
namics of 77 interactions. OPAL has therefore 
measured di-jet production in 77 scattering at 
y/s = 161 — 172 GeV using the cone jet find- 
ing algorithm with R = 1 [m. 

The differential cross-section da/dE^ for di- 
jet events with pseudorapidities \r]' i0t \ < 2 is 
shown in Fig. |l|. The measurements are compared 
to a parton level NLO calculation [ g] for three 
different NLO parametrisations of the parton dis- 
tributions of the photon GRV-HO [ §, AFG [|] 
and GS [ g . The calculations using the three dif- 
ferent NLO parametrisations are in good agree- 
ment with the data points except in the first bin 
where theoretical and experimental uncertainties 
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are large. 



1.2 

1 

0.8 
0.6 
0.4 
0.2 

o 



• -yp, 10<Q 2 <120 GeV 2 

E TJ[rcit >8GeV, n Brtil <1.5 
i Yy, Q 2 - 0. 9<E£kl2 GeV. Uf\<2 



1. 



□ OPAL hep-ex/9808027 
• HI hep-ex/9901010 



0.2 0.4 0.6 0.8 



1.2 
1 
0.8 
0.6 
0.4 
0.2 




-* YP. Q~ 0. E^14 GeV.-l^ 1 <0 
□ yy. Q 2 =- 0, 12<E'k20 GeV. hi if, l<2 



. 5 



□ OPAL hep-ex/9808027 - 

• ZEUS Eur. Phys. J. C2 (1998) 61 : 



1.2 
1 

0.8 
0.6 
0.4 
0.2 




'-* yp, 10<Q 3 <120 GoV : 


- 


5<E T3rci| <8 GeV, il Brti ,<l-S 


: 


- □ ft, Q 1 - 0, 6<E*'<9 GeV, lil' t 'l<2 


: 


§1 

a 

B 


B - 


B 


: 


: 8 


"_ 


n OPAL hep-ex/9808027 


- 


• • HI hep-ex/9901010 


: 



0.2 0.4 0.6 0.8 



0.2 0.4 0.6 0.8 



The measured jet shapes are compared to data 
from the HERA experiments in similar kinematic 
ranges. HI has measured jet shapes for di-jet 
events produced in deep- inelastic scattering (DIS) 
with 10 < Q 2 < 120 GeV 2 and 2 • 10" 4 < x < 
8 • 10~ 3 [ |j. The events are boosted into the 
Breit-frame. ZEUS has mesured jet shapes in di- 
jet photoproduction for quasi-real photons in the 
lab frame [M. In the regions ?7Brcit < 1-5 (HI 
data) and and -1 < Y7 jct < (ZEUS data), most 
jets should be quark jets. The same is true for 
the OPAL data at relatively large Ej. , where the 
direct process dominates. A comparison shown 
in Fig. performed for similar transverse energy 
ranges shows good agreement of the OPAL 77 
and the HI DIS data. The jets in photoproduc- 
tion events measured by ZEUS are narrower than 
the 77 jets. This could be due to the slightly 
larger Ej, in the ZEUS data. A detailed com- 
parison of jet widths measured in 77 interactions 
and other processes (e + e~,pp, 7p) has recently 
been published by TOPAZ [§. 



Figure 2. A comparison of jet shapes V'( r ) mea- 
sured in di-jet events by OPAL, HI and ZEUS. 



3. Jet shapes 

The jet shape is characterised by the fraction 
of a jet's transverse energy (E^ ) that lies inside 
an inner cone of radius r concentric with the jet 
defining cone: 
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where Et(t) is the transverse energy within the 
inner cone of radius r and iVj et is the total number 
of jets in the sample. The jet shapes are corrected 
to the hadron level using the Monte Carlo. It 
has been shown by OPAL that the jets become 
narrower with increasing E 1 ^ , that the jet shapes 
are nearly independent of ?7 Jct and that gluon jets 
are broader than quark jets [ BJ. 



4. Charged hadron production 

Hadron production at large transverse mo- 
menta is also sensitive to the partonic structure 
of the interactions without the theoretical and 
experimental problem related to the various jet 
algorithms. Interesting comparisons of 77 and 
7P data taken at LEP and HERA, respectively, 
should be possible in the future, since similar 
hadronic centre-of-mass energies W of the order 
100 GeV are accessible for both type of experi- 
ments. 

The distributions of the transverse momentum 
Pt of hadrons produced in 77 interactions are 
expected to be harder than in 7p or hadron-p 
interactions due to the direct component. This 
is demonstrated in Fig. Q by comparing dtr/dpT 
for charged hadrons measured in 77 interactions 
by OPAL [ || to the px distribution measured 
in 7p and hp (h= 7T,K) interactions by WA69 [ 
[l(J. The WA69 data are normalised to the 77 
data in the low px region at px ~ 200 MeV/c 
using the same factor for the hp and the 7p data. 
The hadronic invariant mass of the WA69 data 
is about W = 16 GeV which is of similar size 



as the average (W) of the 77 data in the range 
10 < W < 30 GeV. 

Whereas only a small increase is observed in 
the 7p data compared to the h7r data at large px, 
there is a significant increase of the relative rate 
in the range px > 2 GeV/c for 77 interactions 
due to the direct process. 

The 77 data are also compared to a ZEUS mea- 
surement of charged particle production in 7p 
events with a diffractivcly dissociated photon at 
(W) = 180 GeV [[jjj The invariant mass relevant 
for this comparison should be the mass Mx of 
the dissociated system (the invariant mass of the 
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are calculated using the QCD partonic cross- 
sections, the NLO GRV parametrisation of the 
parton distribution functions [ p| and fragmenta- 
tion functions fitted to e + e _ data. The renormal- 
isation and factorisation scales are set equal to pt- 
The change in slope around pt = 3 GeV / c in the 
NLO calculation is due to the charm threshold. 
The agreement between the data and the NLO 
calculation is good. 
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Figure 3. The pt distribution measured in 77 
interactions in the range 10 < W < 30 GeV is 
compared to the pr distribution measured in 7p 
and hp (h= tt,K) interactions by WA69 [0. The 
cross-section values on the ordinate are only valid 
for the OPAL data. 



Figure 4. da/dpr for pseudorapidities \r)\ < 1.5 
in the range 10<W / <125 GeV compared to 
NLO calculations for pt > 1 GeV/c (continuous 
curve) together with the double-resolved (dot- 
dashed), single-resolved (dotted) and direct con- 
tributions (dashed). 



'7-Pomeron' system). The average (Mx) equals 
10 GeV for the data shown. The px distribution 
falls exponentially, similar to the 7p and hadron- 
p data, and shows no flatening at high px due to 
a possible hard component of the Pomeron. 

NLO calculations [ [13] of the cross-sections 
dcr/dpx are shown in Fig. m The cross-sections 



5. Prompt photons 

The production of prompt photons in 77 in- 
teractions can also be used to measure the quark 
and gluon content of the photon [ [L3|. At TRIS- 
TAN energies the single-resolved process 7q — > 7q 
is expected to dominate the prompt photon pro- 
duction cross-section, whereas at LEP2 energies 



double-resolved processes should become impor- 
tant. 
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Figure 5. Shower shape parameters, ctr^ and 
-Fmax, for the prompt photon events measured by 
TOPAZ. 



TOPAZ has measured the prompt photon 
cross-section ir(e + e _ — > e + e~7A) by fitting sig- 
nal plus background (mainly from ir° decays) 
to variables describing the shower shape in the 
calorimeter (Fig. g). The variables are the rms 
of the cluster width in the r</> direction, a^, and 
the ratio of the maximum energy in a cluster to 
the total cluster energy, F max . 

TOPAZ obtains a(e+e~ -> c+e^I) = (1.48± 
0.4 ± 0.49) pb for photons with energies greater 
than 2 GeV using a data set with an integrated lu- 
minosity of L = 288 pb. This result is about 1.5- 
2 standard deviations larger than the LO cross- 
sections a(e + e~ — > e + e~7AT) of 0.35 pb and 
0.50 pb which were obtained with PYTHIA us- 
ing SaS-lD [111 and LAC1 [pi, respectively. 
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